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METHOD FOR DETERMINING A POWER
CONSTRAINT FOR CONTROLLING A
POWERTRAIN SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/983,250 filed on Oct. 29, 2007

which 1s hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] This disclosure 1s related power constraints for con-
trolling power within a powertrain system.

BACKGROUND

[0003] The statements 1n this section merely provide back-
ground information related to the present disclosure and may
not constitute prior art.

[0004] Known powertrain architectures include torque-
generative devices, including internal combustion engines
and electric machines, which transmit torque through a trans-
mission device to an output member. One exemplary power-
train includes a two-mode, compound-split, electromechani-
cal transmission which utilizes an input member for receiving
motive torque from a prime mover power source, preferably
an mnternal combustion engine, and an output member. The
output member can be operatively connected to a driveline for
a motor vehicle for transmitting tractive torque thereto. Elec-
tric machines, operative as motors or generators, generate a
torque 1nput to the transmission, independently of a torque
input from the internal combustion engine. The electric
machines may transform vehicle kinetic energy, transmitted
through the vehicle driveline, to electrical energy that 1s stor-
able 1n an electrical energy storage device. A control system
monitors various inputs from the vehicle and the operator and
provides operational control of the powertrain, including con-
trolling transmission operating state and gear shifting, con-
trolling the torque-generative devices, and regulating the
clectrical power interchange among the electrical energy stor-
age device and the electric machines to manage outputs of the
transmission, including torque and rotational speed.

SUMMARY

[0005] A method for controlling a powertrain system
includes monitoring operating conditions of an engine, a
transmission device, and an energy storage device. The
method turther includes determining a first power constraint
and a second power constraint for transierring power within
the powertrain system based on the operating conditions. The
method further includes filtering the first power constraint
utilizing a first filter response time when the first power con-
straint changes in a first direction. The method further
includes filtering the first power constraint utilizing a second
filter response time when the first power constraint changes 1n
a second direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] One or more embodiments will now be described,
by way of example, with reference to the accompanying
drawings, in which:

[0007] FIG.11saschematic diagram of an exemplary pow-
ertrain, 1n accordance with the present disclosure;
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[0008] FIG. 2 1s a schematic diagram of an exemplary
architecture for a control system and powertrain, 1n accor-
dance with the present disclosure;

[0009] FIGS. 3 and 4 are schematic tlow diagrams of a
control system architecture for controlling and managing
torque 1n a powertrain system, in accordance with the present
disclosure:

[0010] FIGS. 5 and 6 are diagrams of exemplary control
schemes, 1n accordance with the present disclosure;

[0011] FIGS. 7 and 8 are graphical depictions of inputs and
outputs of the control scheme of FIG. 6, in accordance with
the present disclosure;

[0012] FIG. 9 1s a flow diagram of an exemplary control
scheme, 1n accordance with the present disclosure; and

[0013] FIG. 10 1s a diagram of an exemplary control
scheme, 1n accordance with the present disclosure.

DETAILED DESCRIPTION

[0014] Referring now to the drawings, wherein the show-
ings are for the purpose of illustrating certain exemplary
embodiments only and not for the purpose of limiting the
same, FIGS. 1 and 2 depict an exemplary electro-mechanical
hybrid powertrain. The exemplary electromechanical hybrid
powertrain 1 accordance with the present disclosure 1s
depicted in FIG. 1, comprising a two-mode, compound-split,
clectromechanical hybrid transmission 10 operatively con-
nected to an engine 14 and first and second electric machines
(‘MG-A’) 56 and (*MG-B’) 72. The engine 14 and first and
second electric machines 56 and 72 each generate power
which can be transferred to the transmission 10. The power
generated by the engine 14 and the first and second electric
machines 56 and 72 and transierred to the transmission 10 1s
described 1n terms of mput and motor torques, referred to
heremn as T, T ,, and T ; respectively, and speed, referred to
herein as N,, N ,, and N, respectively.

[0015] The exemplary engine 14 comprises a multi-cylin-
der internal combustion engine selectively operative 1n sev-
eral states to transier torque to the transmission 10 via an
input shatt 12, and can be either a spark-1gnition or a com-
pression-ignition engine. The engine 14 includes a crankshaft
(not shown) operatively coupled to the input shait 12 of the
transmission 10. A rotational speed sensor 11 monitors rota-
tional speed of the mput shaft 12. Power output from the
engine 14, comprising rotational speed and engine torque,
can differ from the input speed N, and the input torque T, to
the transmission 10 due to placement of torque-consuming
components on the input shait 12 between the engine 14 and
the transmission 10, e.g., a hydraulic pump (not shown) and/
or a torque management device (not shown).

[0016] The exemplary transmission 10 comprises three
planetary-gear sets 24, 26 and 28, and four selectively
engageable torque-transierring devices, 1.e., clutches C1 70,
C262,C373,and C4 75. As used herein, clutches refer to any
type of iriction torque transier device including single or
compound plate clutches or packs, band clutches, and brakes,
for example. A hydraulic control circuit 42, preferably con-
trolled by a transmission control module (hereafter “TCM”)
17, 1s operative to control clutch states. Clutches C2 62 and
C4 75 preferably comprise hydraulically-applied rotating
triction clutches. Clutches C1 70 and C3 73 preferably com-
prise hydraulically-controlled stationary devices that can be
selectively grounded to a transmission case 68. Each of the

clutches C170,C2 62,C3 73, and C4 75 1s preferably hydrau-
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lically applied, selectively receiving pressurized hydraulic
fluid via the hydraulic control circuit 42.

[0017] The first and second electric machines 56 and 72
preferably comprise three-phase AC machines, each includ-
ing a stator (not shown) and a rotor (not shown), and respec-
tive resolvers 80 and 82. The motor stator for each machine 1s
grounded to an outer portion of the transmission case 68, and
includes a stator core with coiled electrical windings extend-
ing therefrom. The rotor for the first electric machine 56 1s
supported on a hub plate gear that 1s operatively attached to
shaft 60 via the second planetary gear set 26. The rotor for the
second electric machine 72 1s fixedly attached to a sleeve shaft

hub 66.

[0018] Fach of the resolvers 80 and 82 preferably com-
prises a variable reluctance device including a resolver stator
(not shown) and a resolver rotor (not shown). The resolvers 80
and 82 are appropnately positioned and assembled on respec-
tive ones of the first and second electric machines 56 and 72.
Stators of respective ones of the resolvers 80 and 82 are
operatively connected to one of the stators for the first and
second electric machines 56 and 72. The resolver rotors are
operatively connected to the rotor for the corresponding first
and second electric machines 56 and 72. Each of the resolvers
80 and 82 1s signally and operatively connected to a transmis-
sion power inverter control module (hereafter ‘TPIM™) 19,
and each senses and monitors rotational position of the
resolver rotor relative to the resolver stator, thus monitoring
rotational position of respective ones of first and second elec-
tric machines 56 and 72. Additionally, the signals output from
the resolvers 80 and 82 are interpreted to provide the rota-
tional speeds for first and second electric machines 56 and 72,
1.e., N , and N, respectively.

[0019] The transmission 10 includes an output member 64,
¢.g. a shatt, which 1s operably connected to a driveline 90 for
a vehicle (not shown), to provide output power to the driveline
90 that 1s transferred to vehicle wheels 93, one of which 1s
shown 1n FIG. 1. The output power at the output member 64
1s characterized 1n terms of an output rotational speed N, and
an output torque T . A transmission output speed sensor 84
monitors rotational speed and rotational direction of the out-
put member 64. Each of the vehicle wheels 93 1s preferably
equipped with a sensor 94 adapted to monitor wheel speed,
the output of which 1s monitored by a control module of a
distributed control module system described with respect to
FIG. 2, to determine vehicle speed, and absolute and relative
wheel speeds for braking control, traction control, and
vehicle acceleration management.

[0020] The mput torque from the engine 14 and the motor
torques from the first and second electric machines 56 and 72
(T,, T,, and T, respectively) are generated as a result of
energy conversion from fuel or electrical potential stored 1n
an electrical energy storage device (hereafter ‘ESD’) 74. The
ESD 74 1s high voltage DC-coupled to the TPIM 19 via DC
transier conductors 27. The transter conductors 27 include a
contactor switch 38. When the contactor switch 38 1s closed,
under normal operation, electric current can flow between the
ESD 74 and the TPIM 19. When the contactor switch 38 is
opened electric current flow between the ESD 74 and the
TPIM 19 i1s interrupted. The TPIM 19 transmits electrical
power to and from the first electric machine 56 by transier
conductors 29, and the TPIM 19 similarly transmaits electrical
power to and from the second electric machine 72 by transier
conductors 31 to meet the torque commands for the first and
second electric machines 56 and 72 in response to the motor
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torques T, and T5. Electrical current 1s transmitted to and
from the ESD 74 1n accordance with whether the ESD 74 1s

being charged or discharged.

[0021] The TPIM 19 includes the pair of power inverters
(not shown) and respective motor control modules (not
shown) configured to recerve the torque commands and con-
trol 1mverter states therefrom for providing motor drive or
regeneration functionality to meet the commanded motor
torques T, and T,. The power 1verters comprise known
complementary three-phase power electronics devices, and
cach includes a plurality of insulated gate bipolar transistors
(not shown) for converting DC power from the ESD 74 to AC
power for powering respective ones of the first and second
clectric machines 56 and 72, by switching at high frequen-
cies. The insulated gate bipolar transistors form a switch
mode power supply configured to receive control commands.
There 1s typically one pair of insulated gate bipolar transistors
for each phase of each of the three-phase electric machines.
States of the msulated gate bipolar transistors are controlled
to provide motor drive mechanical power generation or elec-
tric power regeneration functionality. The three-phase imnvert-
ers receive or supply DC electric power via DC transfer
conductors 27 and transform 1t to or from three-phase AC
power, which 1s conducted to or from the first and second
clectric machines 56 and 72 for operation as motors or gen-
erators via transier conductors 29 and 31 respectively.

[0022] FIG. 2 1s a schematic block diagram of the distrib-
uted control module system. The elements described herein-
alter comprise a subset of an overall vehicle control architec-
ture, and provide coordinated system control of the
exemplary hybrid powertrain described in FIG. 1. The dis-
tributed control module system synthesizes pertinent infor-
mation and 1mnputs, and executes algorithms to control various
actuators to meet control objectives, including objectives
related to fuel economy, emissions, performance, drivability,
and protection ol hardware, including batteries of ESD 74 and
the first and second electric machines 56 and 72. The distrib-
uted control module system includes an engine control mod-
ule (hereatter ‘ECM”) 23, the TCM 17, a battery pack control
module (hereafter ‘BPCM”) 21, and the TPIM 19. A hybnd
control module (hereafter ‘HCP’) 5 provides supervisory
control and coordination of the ECM 23, the TCM 17, the
BPCM 21, and the TPIM 19. A user imterface (‘UI’) 13 1s
operatively connected to a plurality of devices through which
a vehicle operator controls or directs operation of the electro-
mechanical hybrid powertrain. The devices include an accel-
crator pedal 113 ("AP’), an operator brake pedal 112 (*BP’), a
transmission gear selector 114 (‘PRNDL’), and a vehicle
speed cruise control (not shown). The transmission gear
selector 114 may have a discrete number of operator-select-
able positions, including the rotational direction of the output
member 64 to enable one of a forward and a reverse direction.

[0023] The aforementioned control modules communicate
with other control modules, sensors, and actuators via a local
area network (hereafter ‘LAN’) bus 6. The LAN bus 6 allows
for structured communication of states of operating param-
cters and actuator command signals between the various con-
trol modules. The specific communication protocol utilized 1s
application-specific. The LAN bus 6 and appropriate proto-
cols provide for robust messaging and multi-control module
interfacing between the atorementioned control modules, and
other control modules providing functionality including e.g.,
antilock braking, traction control, and vehicle stability. Mul-
tiple communications buses may be used to improve commu-
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nications speed and provide some level of signal redundancy
and itegrity. Communication between individual control
modules can also be effected using a direct link, e.g., a serial
peripheral intertace (‘SPI’) bus (not shown).

[0024] The HCP 3§ provides supervisory control of the
hybrid powertrain, serving to coordinate operation of the
ECM 23, TCM 17, TPIM 19, and BPCM 21. Based upo
various input signals from the user interface 13 and the hybrid
powertrain, including the ESD 74, the HCP § determines an
operator torque request, an output torque command, an
engine 1nput torque command, clutch torque(s) for the
applied torque-transier clutches C1 70, C2 62, C3 73, C4 75
of the transmaission 10, and the motor torques T , and T, for
the first and second electric machines 56 and 72. The TCM 17
1s operatively connected to the hydraulic control circuit 42
and provides various functions including monitoring various
pressure sensing devices (not shown) and generating and
communicating control signals to various solenoids (not
shown) thereby controlling pressure switches and control
valves contained within the hydraulic control circuit 42.

[0025] The ECM 23 is operatively connected to the engine
14, and functions to acquire data from sensors and control
actuators of the engine 14 over a plurality of discrete lines,
shown for simplicity as an aggregate bi-directional interface
cable 35. The ECM 23 receirves the engine input torque com-
mand from the HCP 5. The ECM 23 determines the actual
engine mput torque, T, provided to the transmission 10 at that
point 1n time based upon monitored engine speed and load,
which 1s communicated to the HCP 5. The ECM 23 monitors
input from the rotational speed sensor 11 to determine the
engine 1mput speed to the input shatt 12, which translates to
the transmission input speed, N,. The ECM 23 monitors
inputs from sensors (not shown) to determine states of other
engine operating parameters including, e.g., a manifold pres-
sure, engine coolant temperature, ambient air temperature,
and ambient pressure. The engine load can be determined, for
example, from the manifold pressure, or alternatively, from
monitoring operator mput to the accelerator pedal 113. The
ECM 23 generates and communicates command signals to
control engine actuators, including, e.g., fuel injectors, 1gni-
tion modules, and throttle control modules, none of which are
shown.

[0026] The TCM 17 1s operatively connected to the trans-
mission 10 and monitors inputs from sensors (not shown) to
determine states of transmission operating parameters. The
TCM 17 generates and communicates command signals to
control the transmission 10, including controlling the hydrau-
lic control circuit 42. Inputs from the TCM 17 to the HCP 3
include estimated clutch torques for each of the clutches, 1.¢.,
C170,C2 62, C3 73, and C4 75, and rotational output speed.,
N, of the output member 64. Other actuators and sensors
may be used to provide additional information from the TCM
17 to the HCP S for control purposes. The TCM 17 monitors
inputs from pressure switches (not shown) and selectively
actuates pressure control solenoids (not shown) and shiit
solenoids (not shown) of the hydraulic control circuit 42 to
selectively actuate the various clutches C1 70, C2 62, C3 73,
and C4 75 to achieve various transmission operating range
states, as described hereinbelow.

[0027] The BPCM 21 1s signally connected to sensors (not
shown) to monitor the ESD 74, including states of electrical
current and voltage parameters, to provide information
indicative of parametric states of the batteries of the ESD 74
to the HCP 5. The parametric states of the batteries preferably
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include battery state-of-charge, battery voltage (V5 ,+ ), bat-
tery temperature, and available battery power, referred to as a

range P, 7 ann 1O Ps. T MAX

[0028] A brake control module (hereafter ‘BrCM’”) 22 1s
operatively connected to friction brakes (not shown) on each
of the vehicle wheels 93. The BrCM 22 monitors the operator
input to the brake pedal 112 and generates control signals to
control the friction brakes and sends a control signal to the
HCP 5§ to operate the first and second electric machines 56 and

72 based thereon.

[0029] Each of the control modules ECM 23, TCM 17,
TPIM 19, BPCM 21, and BrCM 22 1s preferably a general-
purpose digital computer comprising a miCroprocessor or
central processing umt, storage mediums comprising read
only memory (‘ROM’), random access memory (‘RAM’),
clectrically programmable read only memory (‘EPROM’), a
high speed clock, analog to digital (‘A/D’) and digital to
analog (‘D/A’) circuitry, and input/output circuitry and
devices (‘1/O’) and appropriate signal conditioning and buifer
circuitry. Each of the control modules has a set of control
algorithms, comprising resident program instructions and
calibrations stored i one of the storage mediums and
executed to provide the respective functions of each com-
puter. Information transier between the control modules 1s
preferably accomplished using the LAN bus 6 and SPI buses.
The control algorithms are executed during preset loop cycles
such that each algorithm 1s executed at least once each loop
cycle. Algorithms stored 1n the non-volatile memory devices
are executed by one of the central processing units to monitor
inputs from the sensing devices and execute control and diag-
nostic routines to control operation of the actuators, using
preset calibrations. Loop cycles are executed at regular inter-
vals, for example each 3.125, 6.25, 12.5, 25 and 100 mulli-
seconds during ongoing operation of the hybrid powertrain.
Alternatively, algorithms may be executed in response to the
occurrence of an event.

[0030] The exemplary hybrid powertrain selectively oper-
ates 1n one of several operating range states that can be
described in terms of an engine state comprising one of an
engine-on state (“ON’) and an engine-oif state (‘OFF’), and a
transmission state comprising a plurality of fixed gears and
continuously variable operating modes, described with refer-
ence to Table 1, below.

TABLE 1

Engine Transmission Operating Applied
Description State Range State Clutches
M1l _Eng Off OFF EVT Mode 1 C1 70
Ml _Eng On ON EVT Mode 1 C1 70
Gl ON Fixed Gear Ratio 1 Cl170 C475
G2 ON Fixed Gear Ratio 2 Cl170 (C262
M2_Eng Off OFF EVT Mode 2 C2 62
M2 Eng On ON EVT Mode 2 C2 62
G3 ON Fixed Gear Ratio 3 C262 C475
G4 ON Fixed Gear Ratio 4 c262 C373
[0031] FEach of the transmission operating range states 1s

described in the table and indicates which of the specific
clutches C1 70, C2 62, C3 73, and C4 75 are applied for each
of the operating range states. A first continuously variable
mode,1.e., EVI Mode 1, or M1, 1s selected by applying clutch
C1 70 only 1n order to “ground” the outer gear member of the
third planetary gear set 28. The engine state can be one of ON

(‘M1_Eng On’)or OFF (*M1_Eng_ Off’). A second continu-
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ously variable mode, 1.e., EVT Mode 2, or M2, 1s selected by
applying clutch C2 62 only to connect the shait 60 to the

carrier of the third planetary gear set 28. The engine state can
be one of ON (*M2_FEng On’) or OFF (‘M2_Eng_OIff’). For
purposes of this description, when the engine state 1s OFF, the
engine mmput speed 1s equal to zero revolutions per minute
(‘RPM’), 1.e., the engine crankshait 1s not rotating. A fixed
gear operation provides a fixed ratio operation of 1nput-to-
output speed of the transmission 10, 1.e., N/N . A first fixed
gear operation (‘G17) 1s selected by applying clutches C1 70
and C4 75. A second fixed gear operation (*‘G2’)1s selected by
applying clutches C1 70 and C2 62. A third fixed gear opera-
tion (*G3’) 1s selected by applying clutches C2 62 and C4 75.
A fourth fixed gear operation (‘G4’) 1s selected by applying
clutches C2 62 and C3 73. The fixed ratio operation of input-
to-output speed increases with increased fixed gear operation
due to decreased gear ratios in the planetary gears 24,26, and
28. The rotational speeds of the first and second electric
machines 56 and 72, N , and N, respectively, are dependent
on internal rotation of the mechanism as defined by the
clutching and are proportional to the input speed measured at
the input shaft 12.

[0032] In response to operator mput via the accelerator
pedal 113 and brake pedal 112 as captured by the user inter-
face 13, the HCP 5 and one or more of the other control
modules determine torque commands to control the torque
generative devices comprising the engine 14 and first and
second electric machines 56 and 72 to meet the operator
torque request at the output member 64 and transtierred to the
driveline 90. Based upon input signals from the user interface
13 and the hybrid powertrain including the ESD 74, the HCP
5 determines the operator torque request, a commanded out-
put torque from the transmission 10 to the driveline 90, an
input torque from the engine 14, clutch torques for the torque-
transier clutches C1 70, C2 62, C3 73, C4 75 of the transmis-
s1ion 10; and the motor torques for the first and second electric
machines 56 and 72, respectively, as 1s described hereinbe-
low.

[0033] Final vehicle acceleration can be affected by other
factors including, e.g., road load, road grade, and vehicle
mass. The operating range state 1s determined for the trans-
mission 10 based upon a variety of operating characteristics
of the hybrid powertrain. This includes the operator torque
request communicated through the accelerator pedal 113 and
brake pedal 112 to the user interface 13 as previously
described. The operating range state may be predicated on a
hybrid powertrain torque demand caused by a command to
operate the first and second electric machines 56 and 72 1n an
clectrical energy generating mode or 1n a torque generating
mode. The operating range state can be determined by an
optimization algorithm or routine which determines optimum
system elfliciency based upon operator demand for power,
battery state of charge, and energy etliciencies of the engine
14 and the first and second electric machines 56 and 72. The
control system manages torque inputs from the engine 14 and
the first and second electric machines 56 and 72 based upon
an outcome of the executed optimization routine, and system
elficiencies are optimized thereby, to manage fuel economy
and battery charging. Furthermore, operation can be deter-
mined based upon a fault in a component or system. The HCP
5 monitors the torque-generative devices, and determines the
power output from the transmission 10 required in response to
the desired output torque at output member 64 to meet the

operator torque request. As should be apparent from the
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description above, the ESD 74 and the first and second elec-
tric machines 56 and 72 are electrically-operatively coupled
for power flow therebetween. Furthermore, the engine 14, the
first and second electric machines 56 and 72, and the electro-
mechanical transmission 10 are mechanically-operatively
coupled to transfer power therebetween to generate a power
flow to the output member 64.

[0034] FIGS. 3 and 4 show a control system architecture for
controlling and managing torque and power flow 1n a power-
train system having multiple torque generative devices,
described hereinbelow with reference to the hybrid power-
train system shown in FIGS. 1 and 2, and residing in the
alforementioned control modules 1n the form of executable
algorithms and calibrations. The control system architecture
can be applied to any powertrain system having multiple
torque generative devices, including, e.g., a hybrid power-
train system having a single electric machine, a hybrid pow-
ertrain system having multiple electric machines, and non-
hybrid powertrain systems.

[0035] The control system architecture of FIGS. 3 and 4
depicts a flow of pertinent signals through the control mod-
ules. In operation, the operator inputs to the accelerator pedal
113 and the brake pedal 112 are monitored to determine the
operator torque request (‘To_req’). Operation of the engine
14 and the transmission 10 are monitored to determine the
iput speed (‘N1°) and the output speed (‘No’). A strategic
optimization control scheme (*Strategic Control”) 310 deter-
mines a preferred mput speed (‘Ni_Des’) and transmission
operating range state (‘Hybrid Range State Des’) based upon
the output speed and the operator torque request, and opti-
mized based upon other operating parameters of the hybnd
powertrain, including battery power limits and response lim-
its of the engine 14, the transmission 10, and the first and
second electric machines 56 and 72. The strategic optimiza-
tion control scheme 310 is preferably executed by the HCP 5
during each 100 ms loop cycle and each 25 ms loop cycle.

[0036] The outputs of the strategic optimization control
scheme 310 are used 1n a shift execution and engine start/stop
control scheme (*Shift Execution and Engine Start/Stop’) 320
to command changes 1n the transmission operation (“Trans-
mission Commands’) including changing the operating range
state. This includes commanding execution of a change 1n the
operating range state 1f the preferred operating range state 1s
different from the present operating range state by command-
ing changes in application of one or more of the clutches C1
70, C2 62, C3 73, and C4 75 and other transmission com-
mands. The present operating range state (‘Hybrid Range
State Actual’) and an input speed profile (*Ni_Prot”) can be
determined. The mput speed profile 1s an estimate of an
upcoming input speed and preferably comprises a scalar para-
metric value that 1s a targeted input speed for the forthcoming
loop cycle. The engine operating commands and torque
request are based upon the 1input speed profile during a tran-
sition 1n the operating range state of the transmission.

[0037] A tactical control scheme (‘Tactical Control and
Operation’) 330 1s repeatedly executed during one of the
control loop cycles to determine engine commands (‘Engine
Commands’) for operating the engine, including a preferred
input torque from the engine 14 to the transmission 10 based
upon the output speed, the input speed, and the operator
torque request and the present operating range state for the
transmission. The engine commands also include engine
states including one of an all-cylinder operating state and a
cylinder deactivation operating state wherein a portion of the
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engine cylinders are deactivated and unfueled, and engine
states including one of a fueled state and a fuel cutolf state.

[0038] A clutch torque (‘*Tcl”) for each clutch 1s estimated
in the TCM 17, including the presently applied clutches and
the non-applied clutches, and a present engine input torque
(“117) reacting with the input member 12 1s determined 1n the
ECM 23. A output and motor torque determination scheme
(‘Output and Motor Torque Determination’) 340 1s executed
to determine the preferred output torque from the powertrain
(‘To_cmd’), which includes motor torque commands (‘T ’,
“T,’) for controlling the first and second electric machines 56
and 72 1n this embodiment. The pretferred output torque 1s
based upon the estimated clutch torque(s) for each of the
clutches, the present imnput torque from the engine 14, the
present operating range state, the mput speed, the operator
torque request, and the mput speed profile. The first and
second electric machines 56 and 72 are controlled through the
TPIM 19 to meet the preferred motor torque commands based
upon the preferred output torque. The output and motor
torque determination scheme 340 includes algorithmic code
which 1s regularly executed during the 6.25 ms and 12.5 ms

loop cycles to determine the preferred motor torque com-
mands.

[0039] FIG. 4 details the system for controlling and man-
aging the output torque in the hybrid powertrain system,
described with reference to the hybrid powertrain system of
FIGS. 1 and 2 and the control system architecture of FIG. 3.
The hybrid powertrain 1s controlled to transfer the output
torque to the output member 64 and thence to the driveline 90
to generate tractive torque at wheel(s) 93 to forwardly propel
the vehicle in response to the operator input to the accelerator
pedal 113 when the operator selected position of the trans-
mission gear selector 114 commands operation of the vehicle
in the forward direction. Preferably, forwardly propelling the
vehicle results 1n vehicle forward acceleration so long as the
output torque 1s suificient to overcome external loads on the
vehicle, e.g., due to road grade, acrodynamic loads, and other
loads.

[0040] Inoperation, operator inputs to the accelerator pedal
113 and to the brake pedal 112 are monitored to determine the
operator torque request. Present speeds of the output member
64 and the mput member 12, 1.e., No and Ni, are determined.
A present operating range state of the transmission 14 and
present engine states are determined. Maximum and mini-
mum electric power limits of the electric energy storage
device 74 are determined.

[0041] Blended brake torque includes a combination of the
friction braking torque generated at the wheels 93 and the
output torque generated at the output member 64 which reacts
with the driveline 90 to decelerate the vehicle 1n response to
the operator 1nput to the brake pedal 112.

[0042] The BrCM 22 commands the friction brakes on the
wheels 93 to apply braking force and generates a command
for the transmission 10 to create a change in output torque
which reacts with the driveline 90 in response to a net operator
input to the brake pedal 112 and the accelerator pedal 1 13.
Preferably the applied braking force and the negative output
torque can decelerate and stop the vehicle so long as they are
suificient to overcome vehicle kinetic power at wheel(s) 93.
The negative output torque reacts with the driveline 90, thus
transierring torque to the electromechanical transmaission 10
and the engine 14. The negative output torque reacted through
the electromechanical transmission 10 can be transierred to
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the first and second electric machines 36 and 72 to generate
clectric power for storage 1n the ESD 74.

[0043] The operator inputs to the accelerator pedal 113 and
the brake pedal 112 together with torque intervention controls
comprise individually determinable operator torque request
inputs including an immediate accelerator output torque
request (‘Output Torque Request Accel Immed’), a predicted
accelerator output torque request (‘Output Torque Request
Accel Prdtd’), an immediate brake output torque request
(‘Output Torque Request Brake Immed’), a predicted brake
output torque request (‘Output Torque Request Brake Prdtd’)
and an axle torque response type (‘Axle Torque Response
Type’). As used herein, the term ‘accelerator’ refers to an
operator request for forward propulsion preferably resulting
in increasing vehicle speed over the present vehicle speed,
when the operator selected position of the transmission gear
selector 114 commands operation of the vehicle 1n the for-
ward direction, and a similar reverse propulsion response
when the vehicle operation 1s commanded in the reverse
direction. The terms ‘deceleration’ and ‘brake’ refer to an
operator request preferably resulting 1n decreasing vehicle
speed from the present vehicle speed. The immediate accel-
erator output torque request, the predicted accelerator output
torque request, the immediate brake output torque request,
the predicted brake output torque request, and the axle torque
response type are individual mputs to the control system

shown 1n FIG. 4.

[0044] The immediate accelerator output torque request
comprises an immediate torque request determined based
upon the operator mput to the accelerator pedal 113 and
torque intervention controls. The control system controls the
output torque from the hybrid powertrain system in response
to the immediate accelerator output torque request to cause
positive acceleration of the vehicle. The immediate brake
output torque request comprises an immediate braking
request determined based upon the operator input to the brake
pedal 112 and torque intervention controls. The control sys-
tem controls the output torque from the hybrid powertrain
system 1n response to the immediate brake output torque
request to cause deceleration of the vehicle. Vehicle decelera-
tion effected by control of the output torque from the hybnd
powertrain system 1s combined with vehicle deceleration
clfected by a vehicle braking system (not shown) to deceler-
ate the vehicle to achieve the operator braking request.

[0045] The immediate accelerator output torque request 1s
determined based upon a presently occurring operator iput
to the accelerator pedal 113, and comprises a request to gen-
erate an immediate output torque at the output member 64
preferably to accelerate the vehicle. The immediate accelera-
tor output torque request may be modified by torque inter-
vention controls based on events that affect vehicle operation
outside the powertrain control. Such events include vehicle
level mmterruptions in the powertrain control for antilock brak-
ing, traction control and vehicle stability control, which can
be used to modily the immediate accelerator output torque
request.

[0046] The predicted accelerator output torque request 1s
determined based upon the operator input to the accelerator
pedal 113 and comprises an optimum or preferred output
torque at the output member 64. The predicted accelerator
output torque request 1s preferably equal to the immediate
accelerator output torque request during normal operating
conditions, e.g., when torque intervention controls 1s not
being commanded. When torque intervention, e.g., any one of
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antilock braking, traction control or vehicle stability, 1s being
1s commanded, the predicted accelerator output torque
request can remain the preferred output torque with the
immediate accelerator output torque request being decreased
in response to output torque commands related to the torque
intervention.

[0047] The immediate brake output torque request and the
predicted brake output torque request are both blended brake
torque requests. Blended brake torque includes a combina-
tion of the friction braking torque generated at the wheels 93
and the output torque generated at the output member 64
which reacts with the driveline 90 to decelerate the vehicle in
response to the operator input to the brake pedal 112.

[0048] The immediate brake output torque request 1s deter-
mined based upon a presently occurring operator input to the
brake pedal 112, and comprises a request to generate an
immediate output torque at the output member 64 to effect a
reactive torque with the driveline 90 which pretferably decel-
erates the vehicle. The immediate brake output torque request
1s determined based upon the operator input to the brake pedal
112, and the control signal to control the friction brakes to
generate friction braking torque.

[0049] The predicted brake output torque request com-
prises an optimum or preferred brake output torque at the
output member 64 in response to an operator input to the
brake pedal 112 subject to a maximum brake output torque
generated at the output member 64 allowable regardless of the
operator input to the brake pedal 112. In one embodiment the
maximum brake output torque generated at the output mem-
ber 64 1s limited to 0.2 g. The predicted brake output torque
request can be phased out to zero when vehicle speed
approaches zero regardless of the operator input to the brake
pedal 112. As desired, there can be operating conditions
under which the predicted brake output torque request is set to
zero, e.g., when the operator setting to the transmission gear
selector 114 1s set to a reverse gear, and when a transier case
(not shown) 1s set to a four-wheel drive low range. The oper-
ating conditions whereat the predicted brake output torque
request 1s set to zero are those 1n which blended braking 1s not
preferred due to vehicle operating factors.

[0050] The axle torque response type comprises an 1nput
state for shaping and rate-limiting the output torque response
through the first and second electric machines 56 and 72. The
input state for the axle torque response type can be an active
state or an 1nactive state. When the commanded axle torque
response type 1s an active state, the output torque command 1s
the immediate output torque. Preferably the torque response
for this response type 1s as fast as possible.

[0051] The predicted accelerator output torque request and
the predicted brake output torque request are mput to the
strategic optimization control scheme (*Strategic Control’)
310. The strategic optimization control scheme 310 deter-
mines a desired operating range state for the transmission 10
(‘Hybrid Range State Des’) and a desired input speed from
the engine 14 to the transmission 10 (‘N1 Des’), which com-
prise inputs to the shiit execution and engine operating state

control scheme (‘Shift Execution and Engine Start/Stop’)
320.

[0052] A change in the mnput torque from the engine 14
which reacts with the input member from the transmission 10
can be effected by changing mass of intake air to the engine 14
by controlling position of an engine throttle utilizing an elec-
tronic throttle control system (not shown), including opening,
the engine throttle to increase engine torque and closing the
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engine throttle to decrease engine torque. Changes in the
input torque from the engine 14 can be etflected by adjusting
ignition timing, including retarding spark timing from a
mean-best-torque spark timing to decrease engine torque.
The engine state can be changed between the engine-oif state
and the engine-on state to effect a change 1n the 1input torque.
The engine state can be changed between the all-cylinder
operating state and the cylinder deactivation operating state,
wherein a portion of the engine cylinders are unfueled. The
engine state can be changed by selectively operating the
engine 14 1n one of the fueled state and the fuel cutodil state
wherein the engine 1s rotating and unfueled. Executing a shiit
in the transmission 10 from a first operating range state to a
second operating range state can be commanded and achieved

by selectively applying and deactivating the clutches C1 70,
C262,C373,and C475.

[0053] The immediate accelerator output torque request,
the predicted accelerator output torque request, the immedi-
ate brake output torque request, the predicted brake output
torque request, and the axle torque response type are inputs to
the tactical control and operation scheme 330 to determine
the engine command comprising the preferred input torque to
the engine 14.

[0054] The tactical control and operation scheme 330 can
be divided 1nto two parts. This includes determinming a desired
engine torque, and therefore a power split between the engine
14 and the first and second electric machines 56 and 72, and
controlling the engine states and operation of the engine 14 to
meet the desired engine torque. The engine states include the
all-cylinder state and the cylinder deactivation state, and a
fueled state and a deceleration fuel cutoil state for the present
operating range state and the present engine speed. The tac-
tical control and operation scheme 330 monitors the predicted
accelerator output torque request and the predicted brake
output torque request to determine the predicted imnput torque
request. The immediate accelerator output torque request and
the immediate brake output torque request are used to control
the engine speed/load operating point to respond to operator
inputs to the accelerator pedal 113 and the brake pedal 112,
¢.g., to determine the engine command comprising the pre-
ferred mput torque to the engine 14. Preferably, a rapid
change 1n the preferred input torque to the engine 14 occurs
only when the first and second electric machines 56 and 72
cannot meet the operator torque request.

[0055] The immediate accelerator output torque request,
the immediate brake output torque request, and the axle
torque response type are input to the motor torque control
scheme (*Output and Motor Torque Determination’) 340. The
motor torque control scheme 340 executes to determine the
motor torque commands during each iteration of one of the
loop cycles, preterably the 6.25 ms loop cycle.

[0056] The present iput torque (“11°) from the engine 14
and the estimated clutch torque(s) (‘Tcl’) are mnput to the
motor torque control scheme 340. The axle torque response
type signal determines the torque response characteristics of

the output torque command delivered to the output member
64 and hence to the driveline 90.

[0057] The motor torque control scheme 340 controls
motor torque commands of the first and second electric
machines 56 and 72 to transfer a net commanded output
torque to the output member 64 of the transmission 10 that
meets the operator torque request. The control system archi-
tecture controls power flow among power actuators within a
hybrid powertrain. The hybrid powertrain utilizes two or
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more power actuators to provide output power to an output
member. Controlling power flow among the power actuators
includes controlling the mput speed N, from the engine 14,
the input torque T, from the engine, and the motor torques T _,
T, of the first and second electric machines 56, 72. Although
in the exemplary embodiment described herein above, the
hybrid powertrain utilizes the control system architecture to
control power tlow among power actuators including the
engine 14, the ESD 74 and the first and second electric
machines 56 and 72, in alternate embodiments the control
system architecture can control power flow among other
types of power actuators. Exemplary power actuators that can
be utilized include fuel cells, ultra-capacitors and hydraulic
actuators.

[0058] The control system architecture manages electric
power within the exemplary powertrain system utilizing elec-
tric power limits, including monitoring battery voltage
(‘V5,~) and battery power (‘P ., ). The control system
architecture utilizes a method for managing electric power
within the powertrain system that includes establishing pre-
dicted electric power limits, long-term electric power limuits,
short-term electric power limits, and voltage-based electric
power limits. The method further includes determining a
preferred mput speed from the engine 14, a preferred input
torque from the engine 14, a preferred engine state, and a
preferred operating range state of the transmission 10 utiliz-
ing the predicted electric power limits. The method further
includes determining input torque constraints for constrain-
ing mnput torque from the engine 14 and output torque con-
straints for constraiming output torque T, to the output mem-
ber 64 based upon the long-term electric power limits and the
short-term electric power limits. By constraining the output
torque T, a total motor torque T,, consisting of first and
second motor torques T , and T of the first and second elec-
tric machines, respectively, 1s also constrained based on the
set of output torque constraints and the mput torque T, from
the engine 14. In an alternate embodiment, a set of total motor
torque constraints can be determined based upon the long-
term electric power limits and short-term electric power lim-
its, 1n addition to, or instead of the set of output torque con-
straints. The method further includes determining output
torque constraints based upon the voltage-based electric
power limats.

[0059] The predicted electric power limits comprise pre-
terred battery output levels associated with preferred ESD 74
performance levels, that1s, the predicted electric power limits
prescribe the desired operating envelope of the ESD 74. The
predicted electric power limits comprise a range of battery
output power levels from a mimimum predicted electric power
limit (‘Pg 7 aunv prorp ) 10 @ maximum predicted electric
power lmit (‘Pz,s aux prorn ) The predicted electric
power limits can comprise a more constrained range of bat-
tery output power levels than the long-term electric power
limits and the short-term electric power limaits.

[0060] The long-term electric power limits comprise bat-
tery output power levels associated with operation of the ESD
74 while maintaining long-term durability of the ESD 74.
Operation of the ESD 74 outside the long-term electric power
limits for extended periods of time may reduce the opera-
tional life of the ESD 74. In one embodiment, the ESD 74 1s
maintained within the long-term electric power limits during,
steady-state operation, that 1s, operation not associated with
transient operation. Exemplary transient operations include
tip-1n and tip-out of the accelerator pedal 113, wherein tran-
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sient acceleration operation 1s requested. Maintaining the
ESD 74 within the long-term electric power limits, allows the
ESD 74 to provide functionality such as delivering a highest
power level that does not degrade operational life of the ESD
74. The long-term electric power limits comprise a range of
battery output power levels from a minimum long-term elec-
tric power limit (‘P ,+ 17r 77 ) 10 @ maximum long-term
electric power limit (‘P, ;- ..+ 7, ). The long-term electric
power limits can comprise a more constrained range of bat-
tery output power levels than the short-term electric power
limuts.

[0061] The short-term electric power limits comprise
ESD74 output power levels associated with battery operation
that does not significantly affect short-term battery durabaility.
Operation of the ESD 74 outside the short-term electric power
limits may reduce the operational life of the ESD 74. Oper-
ating the ESD 74 within the short-term electric power limits,
but outside the long-term electric power limits for short peri-
ods of time, may minimally reduce the operational life of the
ESD 74, however, does not result in large amounts of
degraded operational performance to the ESD 74. In one
embodiment, the ESD 74 1s maintained within the short-term
clectric power limits during transient operation. The short-
term electric power limits comprise a range of battery output
power levels from a minimum short-term electric power limit
(‘Pgir aanv sr) 10 a maximum short-term electric power
limit ("Pgyz arax s7)-

[0062] The voltage-based electric power limits comprise a
range ol battery output power level from a minimum voltage-
based electric power limit (*Py - 1,4+ 5 ) t0 @ maximum
voltage-based electric power limit (‘P .,,+ 5 ) based on
desired operating voltages of the ESD 74. The minimum
voltage-based electric power limit P, . .\, 5 1S @ mini-
mum amount of battery output power that the ESD 74 outputs
before reaching a maximum voltage V.. The maximum
voltage-based electric power limit P, ,~ ,,.+ ;5 1S an esti-
mated amount battery output power that the ESD 74 can
output before reaching a minimum voltage V., ,,r. The
minimum voltage V »; 5,5 1S @ minimum permissible voltage
for operating the battery without significantly affecting short-
term battery durability. Outputting power from the ESD 74
when the voltage levels ol the ESD 74 are below the minimum
V 7 oor €an cause degraded operational life of the ESD 74.

[0063] FIG. 5 details signal flow 1n the tactical control
scheme (“Tactical Control and Operation’) 330 for control-
ling operation of the engine 14, described with reference to
the hybrid powertrain system of FIGS. 1 and 2 and the control
system architecture of FIGS. 3 and 4. The tactical control
scheme 330 includes a tactical optimization control path 350
and a system constraints control path 360 which are prefer-
ably executed concurrently. The outputs of the tactical opti-
mization control path 350 are input to an engine state control
scheme 370. The outputs of the engine state control scheme
3’70 and the system constraints control path 360 are input to an
engine response type determination scheme (‘Engine
Response Type Determination’) 380 for controlling the
engine state, the immediate engine torque request, the pre-
dicted engine torque request, and the engine response type.

[0064] The mput from the engine 14 can be described 1n
terms ol an engine operating point mncluding engine speed
and engine torque which can be converted 1into the input speed
and 1input torque which react with the input member from the
transmission 10. When the engine 14 comprises a spark-
1gnition engine, a change in the engine operating point can be
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cifected by changing mass of intake air to the engine 14, by
controlling position of an engine throttle (not shown) utiliz-
ing an electronic throttle control system (not shown), includ-
ing opening the engine throttle to increase engine torque and
closing the engine throttle to decrease engine torque. Changes
in the engine operating point can be effected by adjusting
ignition timing, including retarding spark timing from a
mean-best-torque spark timing to decrease engine torque.
When the engine 14 comprises a compression-ignition
engine, the engine operating point 1s controlled by controlling
the mass of injected fuel and adjusted by retarding injection
timing from a mean-best-torque injection timing to decrease
the engine torque. The engine operating point can also be
changed to effect a change in the mput torque by controlling
the engine state between the all-cylinder state and the cylinder
deactivation state, and, by controlling the engine state
between the engine-fueled state and the fuel cutoil state
wherein the engine 1s rotating and unfueled.

[0065] The tactical optimization control path 350 acts on
substantially steady-state iputs to select a preferred engine
state and to determine a preferred mput torque from the
engine 14 to the transmission 10. The tactical optimization
control path 350 includes an optimization scheme (*Tactical
Optimization”) 354 to determine preferred mput torques for
operating the engine 14 in the all-cylinder state (‘Input
Torque Full’), in the cylinder deactivation state (‘Input
Torque Deac’), the all-cylinder state with fuel cutoff (‘Input
Torque Full FCO?), in the cylinder deactivation state with fuel
cutoll (‘Input Torque Deac FCO’), and a preferred engine
state (‘Preferred Engine State’). Inputs to the optimization
scheme 334 include a lead operating range state of the trans-
mission 10 (‘Lead Hybrid Range State’) a lead predicted
input acceleration profile (‘Lead Input Acceleration Profile
Predicted’) and a predicted range of clutch reactive torques
(‘Predicted Clutch Reactive Torque Min/Max’) across each
applied clutch in the lead operating range state, which are
preferably generated 1n the shift execution and engine start/
stop control scheme 320. Further mputs include predicted
clectric power limits (*Predicted Battery Power Limits’), a
predicted accelerator output torque request (‘Output Torque
Request Accel Prdtd’) and a predicted brake output torque
request (‘Output Torque Request Brake Prdtd’). The pre-
dicted output torque request for acceleration i1s shaped
through a predicted output torque shaping filter 352 while
considering the axle torque response type to yield a predicted
accelerator output torque (‘To Accel Prdtd’) and combined
with the predicted output torque request for braking to deter-
mine the net predicted output torque (“To Net Prdtd’), which
are inputs to the optimization scheme 354. The lead operating
range state of the transmission 10 comprises a time-shifted
lead of the operating range state of the transmission 10 to
accommodate a response time lag between a commanded
change 1n the operating range state and the actual operating
range state. Thus the lead operating range state of the trans-
mission 10 1s the commanded operating range state. The lead
predicted input acceleration profile comprises a time-shifted
lead of the predicted mput acceleration profile of the mput
member 12 to accommodate a response time lag between a
commanded change in the predicted input acceleration profile
and a measured change 1n the predicted input acceleration
profile. Thus the lead predicted 1input acceleration profile 1s
the predicted 1input acceleration profile of the input member
12 occurring after the time shift. The parameters designated
as ‘lead’ are used to accommodate concurrent transier of
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torque through the powertrain converging at the common
output member 64 using devices having varying response
times. Specifically, the engine 14 can have a response time of
an order of magnitude of 300-600 ms, and each of the torque
transfer clutches C1 70, C2 62, C3 73, and C4 75 can have
response times of an order of magnitude of 150-300 ms, and
the first and second electric machines 56 and 72 can have
response time of an order of magnitude of 10 ms.

[0066] The optimization scheme 354 determines costs for
operating the engine 14 1n the engine states, which comprise
operating the engine fueled and i1n the all-cylinder state
(‘Prosrrrrr rrer ), Operating the engine unfueled and in the
all-cylinder state (‘P .7 zr77 7o ), Operating the engine
tueled and 1n cylinder deactivation state (‘P - or nz s 2rrer )5
and operating the engine unfueled and 1n the cylinder deac-
tivation state (‘P ¢r prsc 7o )- 1 he atorementioned costs
for operating the engine 14 are input to a stabilization analysis
scheme (“Stabilization and Arbitration’) 356 along with the
actual engine state (‘Actual Engine State’) and allowable or
permissible engine state(s) (‘Engine State Allowed’) to select
one of the engine states as the preferred engine state (‘Pre-
terred Engine State’).

[0067] The preferred input torques for operating the engine
14 1n the all-cylinder state and 1n the cylinder deactivation
state with and without fuel cutoif are input to an engine torque
conversion calculator 355 and converted to preferred engine
torques 1n the all-cylinder state and 1n the cylinder deactiva-
tion state (‘Engine Torque Full” and ‘Engine Torque Deac’)
and with fuel cutofil 1n the all-cylinder state and 1in the cylinder
deactivation state (‘Engine Torque Full FCO’ and ‘Engine
Torque Deac FCO’) respectively, by taking into account
torque-consuming components, €.g., a hydraulic pump,
between the engine 14 and the transmission 10. The preferred
engine torques and the preferred engine state comprise inputs
to the engine state control scheme 370.

[0068] The costs for operating the engine 14 include oper-
ating costs which are determined based upon factors that
include vehicle driveability, fuel economy, emissions, and
battery usage. Costs are assigned and associated with fuel and
clectrical power consumption and are associated with specific
operating conditions of the hybrid powertrain. Lower operat-
ing costs can be associated with lower fuel consumption at
high conversion efficiencies, lower battery power usage and
lower emissions and take into account the present operating
state of the engine 14.

[0069] The preferred engine state and the preferred engine
torques 1n the all-cylinder state and 1n the cylinder deactiva-
tion state are mput to the engine state control scheme 370,
which includes an engine state machine (‘Engine State
Machine’) 372. The engine state machine 372 determines a
target engine torque (*Target Engine Torque’) and an engine
state (“Target Engine State’) based upon the preferred engine
torques and the preferred engine state. The target engine
torque and the engine state are input to a transition filter 374
which filters the target engine torque to provide a filtered
target engine torque (‘Filtered Target Engine Torque’) and
which enables transitions between engine states. The engine
state machine 372 outputs a command that indicates selection
of one of the cylinder deactivation state and the all-cylinder
state (‘DEAC Selected’) and indicates selection of one of the

engine-fueled state and the deceleration fuel cutofl state
(‘FCO Selected’).

[0070] The selection of one of the cylinder deactivation
state and the all-cylinder state and the selection of one of the
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engine-fueled state and the deceleration fuel cutoll state, the
filtered target engine torque, and the minmimum and maximum
engine torques are input to the engine response type determi-
nation scheme 380.

[0071] The system constraints control path 360 determines
the constraints on the iput torque, comprising minimum and
maximum input torques (‘Input Torque Hybrid Minimum’
and ‘Input Torque Hybrid Maximum”) that can be reacted by
the transmission 10. The minimum and maximum input
torques are determined based upon constraints to the trans-
mission 10, the first and second electric machines 56 and 72,
and the ESD 74, which atfect the capacity of the transmission
10 and the electric machines 56 and 72.

[0072] Inputs to the system constraints control path 360
include the immediate output torque request as measured by
the accelerator pedal 113 combined with the torque interven-
tion control (‘Output Torque Request Accel Immed’) and the
immediate output torque request as measured by the brake
pedal 112 combined with the torque intervention control
(‘Output Torque Request Brake Immed’). The immediate
output torque request 1s shaped through an immediate output
torque shaping filter 362 while considering the axle torque
response type to yield an immediate accelerator output torque
(‘To Accel Immed’) and 1s combined with the immediate
output torque request for braking to determine the net imme-
diate output torque (‘To Net Immed’). The net immediate
output torque and the immediate accelerator output torque are
inputs to a constraints scheme (‘Output and Input Torque
Constraints’) 364. Other inputs to the constraints scheme 364
include the lead operating range state of the transmission 10,
an immediate lead input acceleration profile (‘Lead Input
Acceleration Profile Immed’), a lead immediate clutch reac-
tive torque range (‘Lead Immediate Clutch Reactive Torque
Min/Max’) for each applied clutch in the lead operating range
state, and the tactical control electric power constraints (' Tac-
tical Control Electric Power Constraints’) comprising the
range from the mimimum tactical control electric power con-
straint Py, 1,nv 7 10 the maximum tactical control electric
power constraint Pz, 1.4x 7. The tactical control electric
power constraints are outputted from a battery power function
(‘Battery Power Control”) 366. The battery power function
(‘Battery Power Control”) 366 determines the tactical control
clectric power constraints based upon available battery power
(‘P ,~ ) and voltage (*V 5, ) relative to minimum and maxi-
mum short term and long term electric power limits (‘Pg

2 e 2 e 2 e
min ST s Ppar arax sts YPrar aanv r7s A4 Prir arix
7 ) and minimum and maximum battery voltages (*Vg,,

min_pase > Vear amax pase) A targeted lead 1input
acceleration profile comprises a time-shifted lead of the
immediate input acceleration profile of the input member 12
to accommodate a response time lag between a commanded
change in the immediate mput acceleration profile and a
measured change 1n the immediate mnput acceleration profile.
The lead immediate clutch reactive torque range comprises a
time-shifted lead of the immediate clutch reactive torque
range ol the clutches to accommodate a response time lag
between a commanded change 1n the immediate clutch torque
range and a measured change 1n the immediate clutch reactive
torque range. The constraints scheme 364 determines an out-
put torque range for the transmission 10, and then determines
the minimum and maximum input torques that can be reacted

by the transmission 10 based upon the aforementioned inputs.

[0073] Further, the constraints scheme 364 inputs an imme-
diate engine torque request and outputs an immediate electric
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power Pz, nasep that 1s an estimated battery output power
of the ESD 74 when the engine 14 1s operating at the 1mme-
diate engine torque and when the first and second electric
machines 56 and 72 are operating at preferred motor torques
based upon the operator torque request and the other inputs of
the constraints scheme 364.

[0074] Theminimum and maximum input torques are iput
to the engine torque conversion calculator 355 and converted
to minimum and maximum engine torques (‘Engine Torque
Hybrid Minimum’ and ‘Engine Torque Hybrid Maximum’
respectively), by taking into account torque-consuming com-
ponents, e.g2., a hydraulic pump, parasitic and other loads
introduced between the engine 14 and the transmission 10.

[0075] The filtered target engine torque, the output of the
engine state machine 372 and the minimum and maximum
engine torques are input to the engine response type determi-
nation scheme 380. The engine response type determination
scheme 380 limits the filtered target engine torque to the
minimum and maximum hybrid engine torques and outputs
the engine commands to the ECM 23 for controlling the
engine torques to an immediate engine torque request (“En-
gine Torque Request Immed’) and a predicted engine torque
request (‘Engine Torque Request Prdtd’). Other commands
control the engine state to one of the engine fueled state and
the fuel cutolf state (‘FCO Request’) and to one of the cylin-
der deactivation state and the all- cylinder state (‘DEAC
Request’). Another output comprises an engine response type
(‘Engine Response Type’). When the filtered target engine
torque 1s within the range between the minimum and maxi-
mum engine torques, the engine response type 1s 1nactive.
When the filtered target engine torque drops below the maxi-
mum constraint of the engine torque (‘Engine Torque Hybnd
Maximum’) the engine response type 1s active, mndicating a
need for an immediate change 1n the engine torque, e.g.,
through engine spark control to change the engine torque to
fall within the constraints of the minimum and maximum
engine torques.

[0076] FIG. 6 shows details of the constraints scheme 364,
including a maximum input torque shaping function 500 and
a minimum input torque shaping function 501. FI1G. 7 graphi-
cally depicts mnputs and outputs of the maximum input torque
shaping function 500 and the minimum nput torque shaping
function 501 as a function of elapsed time including a raw
maximum nput torque (‘Input Torque Hybrid Maximum
Raw’), a maximum mput torque (‘Input Torque Hybrid Maxi-
mum’), a raw minimum input torque (‘Input Torque Hybnd
Mimmum Raw’), and a minimum input torque (‘ Input Torque
Hybrid Minimum’). The raw maximum 1nput torque and the
raw minimum input torque are calculated within the con-
straints scheme 364 based upon the net immediate output
torque, the immediate accelerator output torque, the lead
operating range state of the transmission 10, the immediate
lead 1nput acceleration profile, the lead immediate clutch
reactive torque range for each applied clutch in the lead oper-
ating range state, and the tactical control electric power con-
straints.

[0077] The maximum input torque shaping function 500
shapes the raw maximum input torque to determine the maxi-
mum 1nput torque utilizing a umt delay function 502 (‘Unt
Delay’), a summation function 304 (‘Summation’), a filter
response time determination function 506 (‘Filter Response
Time Determination’), and a filter 508 (‘Filter’). The unit
delay function 502 recerves the maximum nput torque (*In-
put Torque Hybrid Maximum’) from the filter 508 and out-
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puts a delayed maximum 1nput torque to the summation func-
tion 504 after a calibrated time delay, preferably a single loop
cycle. The summation function 504 determines a maximum
input torque difference (*'1,Max Difference’) that 1s a differ-
ence between the raw maximum 1nput torque and the delayed
maximum 1nput torque and outputs the maximum input
torque difference to the filtered response time determination
function 506. The filter response time determination function
determines the filter response time (*Filter Response Time”).
If the maximum 1nput torque difference 1s greater threshold
value, then the filtered response time determination function
506 outputs a first filter response time. If the maximum 1nput
torque difference 1s less than a threshold value, then the
filtered response time determination function 506 outputs a
second filter response time.

[0078] The filter 508 (‘Filter’) determines the maximum
input torque based on the raw maximum 1nput torque, the

selected one of the first and second filter response times, a
sampling time (‘d1”), and the mimimum 1nput torque as out-
putted by the mimmimum input torque shape function 501. In
one embodiment, the sampling time 1s 25 ms such that the
maximum input torque 1s updated during each 25 ms loop
cycle. In one embodiment, the filter 508 receives the raw
maximum 1nput torque as an mput, and the first order filter
508 determines the frequency response of a system compris-
ing one of a first time constant when the first filter response
time 1s recerved from the filtered response time determination
506 and a second time constant when the second filter
response time 1s received from the filtered response time
determination 506. In an exemplary embodiment, the second
time constant 1s greater than the first time constant such that
the filter 508 determines a frequency response with a greater
lag time when the second filter response time 1s inputted than
when the {irst response time 1s mputted.

[0079] The minmimum input torque shaping function 501
shapes the minimum 1nput torque to determine the minimum
input torque utilizing a unit delay function 510 (*Unait
Delay’), a summation function 312 (*Summation’), a filter
response time determination function 514 (‘Filter Response
Time Determination’), and a filter 516 (‘Filter’). The unit
delay function 510 receives the minimum mput torque (‘Input
Torque Hybrid Minimum’) from the filter 516 and outputs a
delayed minimum input torque to the summation function
512 after a calibrated time delay, preferably a single loop
cycle. The summation function 512 determines a minimum
input torque difference (T ,Min Ditference’) between the raw
mimmum input torque and the delayed minimum input torque
and outputs the minimum input torque difference to the {il-
tered response time determination function 514. The filter
response time determination function determines the filter
response time ( ‘Filter Response Time”). If the minimum input
torque difference 1s greater than a threshold, then the filtered
response time determination function 514 outputs a first filter
response time. If the mimimum 1nput torque difference 1s
negative, then the filtered response time determination func-
tion 514 outputs a second filter response time.

[0080] The filter 516 (‘Filter’) determines the minimum
input torque based on the raw minimum input torque, the
selected one of the first and second filter response times, the
sampling time (°*d1”), and the maximum 1nput torque as out-
putted by the minimum 1nput torque shaping function 501. In
one exemplary embodiment, the filter 516 1nputs the raw
mimmum 1input torque, and the filter 516 determines the

frequency response of a first-order system comprising one of
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a first time constant when the first filter response time 1s
received from the filtered response time determination 514
and a second time constant when the second filter response
time 1s received from the filtered response time determination
514. In an exemplary embodiment, the second time constant
1s less than the first time constant such that the filter 516
determines a frequency response with a greater lag time when
the filter 516 mputs the first response time than when the filter
inputs the second response time. The first and second time
constants and the first and second time responses of the mini-
mum input torque shaping function 501 can be equal to or can
comprise different values than the first and second time con-
stants and the first and second time responses of the maximum
input torque shaping function 500.

[0081] FIG. 7 graphically depicts operation of an embodi-
ment of the constraints scheme 364 1n which the maximum
input torque meets the maximum output torque (‘Input
Hybrid Minimum Meets Input Hybrid Maximum”). The filter
508 compares the frequency response of the filter 308 to the
minimum input torque as outputted from the minimum nput
torque shaping function 501 and outputs the greater of the
frequency response and the minimum input torque as the
maximum output torque. Therefore, the maximum input
torque will not decrease below the minimum 1nput torque.
Likewise, the filter 516 compares the frequency response of
the filter 516 to the maximum 1nput torque as outputted from
the maximum 1nput torque shaping function 501 and outputs
the lesser of the frequency response of the filter 316 and the
maximuim input torque as the minimum output torque. There-
fore, the minimum 1nput torque will not exceed the maximum
input torque.

[0082] FIG. 9 details signal flow for the output and motor
torque determination scheme 340 for controlling and manag-
ing the output torque through the first and second electric
machines 56 and 72, described with reference to the hybnd
powertrain system of FIGS. 1 and 2 and the control system
architecture of FIGS. 3 and constraints include maximum and
minimum available battery power limits (*Pbat Min/Max’).
The output and motor torque determination scheme 340 con-
trols the motor torque commands of the first and second
clectric machines 56 and 72 to transfer a net output torque to
the output member 64 of the transmission 10 that reacts with
the driveline 90 and meets the operator torque request, subject
to constraints and shaping. The output and motor torque
determination scheme 340 preferably includes algorithmic
code and predetermined calibration code which 1s regularly
executed during the 6.25 ms and 12.5 ms loop cycles to
determine preferred motor torque commands (T ,°, “T;’) for
controlling the first and second electric machines 56 and 72 1n
this embodiment.

[0083] The output and motor torque determination scheme
340 determines and uses a plurality of mputs to determine
constraints on the output torque, from which 1t determines the
output torque command (‘To_cmd’). Motor torque com-
mands (°T ,’, “T ;") for the first and second electric machines
56 and 72 can be determined based upon the output torque
command. The mnputs to the output and motor torque deter-
mination scheme 340 include operator inputs, powertrain
system 1nputs and constraints, and autonomic control inputs.

[0084] The operator inputs include the immediate accelera-
tor output torque request (‘Output Torque Request Accel
Immed’) and the immediate brake output torque request
(‘Output Torque Request Brake Immed’).
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[0085] The autonomic control mnputs include torque oifsets
to effect active damping of the driveline 90 (412), to ellect
engine pulse cancellation (408), and to eflect a closed loop
correction based upon the input and output speeds (410). The
torque oifsets for the first and second electric machines 56
and 72 to effect active damping of the driveline 90 can be
determined (“Ta AD’, “Tb AD’), e.g., to manage and effect
driveline lash adjustment, and are output from an active
damping algorithm (“AD’) (412). The torque oiisets to etfect
engine pulse cancellation (‘Ta PC’, “Tb PC’) are determined
during starting and stopping of the engine during transitions
between the engine-on state (‘ON’) and the engine-oil state
(‘OFF’) to cancel engine torque disturbances, and are output
from a pulse cancellation algorithm (‘PC”) (408). The torque
olfsets for the first and second electric machines 56 and 72 to
elfect closed-loop correction torque are determined by moni-
toring nput speed to the transmission 10 and clutch slip
speeds of clutches C1 70, C2 62, C3 73, and C4 75. When
operating 1 one of the mode operating range states, the
closed-loop correction torque offsets for the first and second
clectric machines 56 and 72 (*Ta CL’, ‘Tb CL’) can be deter-
mined based upon a difference between the input speed from
sensor 11 (*N1’) and the input speed profile (‘Ni1_Prot’).
When operating in Neutral, the closed-loop correction 1s
based upon the difference between the input speed from sen-
sor 11 (‘N1’) and the input speed profile (‘“N1_Prof”), and a
difference between a clutch slip speed and a targeted clutch
slip speed, e.g., a clutch slip speed profile for a targeted clutch
C1 70. The closed-loop correction torque oflsets are output
from a closed loop control algorithm (

[0086] CL’) (410). Clutch torque(s) (‘Tcl’) comprising
clutch reactive torque range(s) for the applied torque
transier clutch(es), and unprocessed clutch slip speeds
and clutch slip accelerations of the non-applied clutches
can be determined for the specific operating range state
for any ofthe presently applied and non-locked clutches.
The closed-loop motor torque oiffsets and the motor
torque offsets to eflect active damping of the driveline 90
are mput to a low pass filter to determine motor torque
corrections for the first and second electric machines 56

and 72 (‘T , LPF’ and T, LPF’) (405).

[0087] The powertrain system inputs and maximum motor
torque control electric power constraint (‘P , - ..+ a1, )and
a minimum motor torque control electric power constraint
(‘Ps,+ rev a1 ) Irom a battery power function (‘Battery
Power Control’) (466), the operating range state (‘Hybrid
Range State’), and a plurality of system inputs and constraints
(‘System Inputs and Constraints’). The system inputs can
include scalar parameters specific to the powertrain system
and the operating range state, and can be related to speed and
acceleration of the mput member 12, output member 64, and
the clutches. Other system inputs are related to system 1ner-
tias, damping, and electric/mechanical power conversion eifi-
ciencies 1n this embodiment. The constraints include maxi-
mum and mimmum motor torque outputs from the torque
machines, 1.e., first and second electric machines 56 and 72
(‘Ta Min/Max’, ‘Th Min/Max’), and maximum and mini-
mum clutch reactive torques for the applied clutches. Other
system 1puts include the mnput torque, clutch slip speeds and
other relevant states.

[0088] Inputs including an mput acceleration profile (*Ni-
dot Prot”) and a clutch slip acceleration profile (*“Clutch Slip
Accel Prof”) are input to a pre- optimization algorithm (4135),
along with the system inputs, the operating range state, and
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the motor torque corrections for the first and second electric
machines 56 and 72 (T , LPF and T ; LPF’). The input accel-
eration profile 1s an estimate of an upcoming input accelera-
tion that preferably comprises a targeted mput acceleration
for the forthcoming loop cycle. The clutch slip acceleration
profile 1s an estimate of upcoming clutch acceleration for one
or more of the non-applied clutches, and preferably com-
prises a targeted clutch slip acceleration for the forthcoming
loop cycle. Optimization inputs (‘Opt Inputs’), which can
include values for motor torques, clutch torques and output
torques can be calculated for the present operating range state
and used 1n an optimization algorithm to determine the maxi-
mum and minimum raw output torque constraints (440) and
to determine the preferred split of open-loop torque com-
mands between the first and second electric machines 56 and
72 (440"). The optimization inputs, the maximum and mini-
mum battery power limits, the system inputs and the present
operating range state are analyzed to determine a preferred or
optimum output torque (‘To Opt’) and minimum and maxi-
mum raw output torque constraints (‘To Min Raw’, “To Max
Raw’) (440), which can be shaped and filtered (420). The
preferred output torque (*'To Opt”) comprises an output torque
that minimizes battery power subject to the operator torque
request. The immediate accelerator output torque request and
the immediate brake output torque request are each shaped
and filtered and subjected to the minimum and maximum
output torque constraints (“To Min Filt‘, "To Max Filt’) to
determine mimmum and maximum filtered output torque
request constraints (‘To Min Req Filt’, ‘To Max Req Filt™). A
constrained accelerator output torque request (‘'To Req Accel
Cnstrnd’) and a constrained brake output torque request (‘To
Req Brake Cnstrnd’) can be determined based upon the mini-
mum and maximum filtered output torque request constraints
(425).

[0089] Furthermore, a regenerative braking capacity (*Opt
Regen Capacity’) of the transmission 10 comprises a capacity
of the transmission 10 to react driveline torque, and can be
determined based upon constraints including maximum and
minimum motor torque outputs from the torque machines and
maximum and mimmum reactive torques for the applied
clutches, taking 1into account the battery power limits. The
regenerative braking capacity establishes a maximum value
for the immediate brake output torque request. The regenera-
tive braking capacity 1s determined based upon a difference
between the constrained accelerator output torque request
and the preferred output torque. The constrained accelerator
output torque request 1s shaped and filtered and combined
with the constrained brake output torque request to determine
a net output torque command. The net output torque com-
mand 1s compared to the mimmimum and maximum request
filtered output torques to determine the output torque com-
mand (*Tocmd’) (430). When the net output torque command
1s between the maximum and minimum request filtered out-
put torques, the output torque command 1s set to the net output
torque command. When the net output torque command
exceeds the maximum request filtered output torque, the out-
put torque command 1s set to the maximum request filtered
output torque. When the net output torque command 1s less
than the minimum request filtered output torque, the output
torque command 1s set to the minimum request filtered output
torque command.

[0090] Powertrain operation 1s monitored and combined
with the output torque command to determine a preferred
split of open-loop torque commands between the first and
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second electric machines 56 and 72 that meets reactive clutch
torque capacities (‘Ta Opt’ and ‘“Tb Opt’), and provide feed-
back related to the preferred battery power (‘Pbat Opt’)
(440’). The motor torque corrections for the first and second
clectric machines 56 and 72 (‘Ta LPF” and Tb LPF’) are
subtracted to determine open loop motor torque commands
(‘Ta OL” and ‘Tb OL’) (460).

[0091] The open loop motor torque commands are com-
bined with the autonomic control mputs including the torque
olffsets to effect active damping of the driveline 90 (412), to
clfect engine pulse cancellation (408), and to etfect a closed
loop correction based upon the mnput and clutch slip speeds
(410), to determine the motor torques TA and TB for control-
ling the first and second electric machines 56 and 72 (470).
The aforementioned steps of constraining, shaping and filter-
ing the output torque request to determine the output torque
command which 1s converted into the torque commands for
the first and second electric machines 56 and 72 1s preferably
a feed-forward operation which acts upon the inputs and uses
algorithmic code to calculate the torque commands.

[0092] The system operation as configured leads to deter-
mining output torque constraints based upon present opera-
tion and constraints of the powertrain system. The operator
torque request 1s determined based upon operator inputs to
the brake pedal and to the accelerator pedal. The operator
torque request can be constrained, shaped and filtered to
determine the output torque command, including determin-
ing a prelerred regenerative braking capacity. An output
torque command can be determined that 1s constrained based
upon the constraints and the operator torque request. The
output torque command 1s 1mplemented by commanding
operation ol the torque machines. The system operation
elfects powertrain operation that 1s responsive to the operator
torque request and within system constraints. The system
operation results 1n an output torque shaped with reference to
operator drivability demands, including smooth operation
during regenerative braking operation.

[0093] The optimization algorithm (440, 440') comprises
an algorithm executed to determine powertrain system con-
trol parameters that are responsive to the operator torque
request that minimizes battery power consumption. The opti-
mization algorithm 440 includes monitoring present operat-
ing conditions of the electromechanical hybrid powertrain,
¢.g., the powertrain system described hereinabove, based
upon the system inputs and constraints, the present operating,
range state, and the available battery power limits. For a
candidate input torque, the optimization algorithm 440 cal-
culates powertrain system outputs that are responsive to the
system 1nputs comprising the aforementioned output torque
commands and are within the maximum and minimum motor
torque outputs from the first and second electric machines 56
and 72, and within the available battery power, and within the
range of clutch reactive torques from the applied clutches for
the present operating range state of the transmission 10, and
take into account the system 1nertias, damping, clutch slip-
pages, and electric/mechanical power conversion efficien-
cies. Preferably, the powertrain system outputs include the
preferred output torque (‘To Opt’), achuevable torque outputs
from the first and second electric machines 56 and 72 (‘'Ta
Opt’, “Tb Opt’) and the preferred battery power (‘Pbat Opt’)
associated with the achievable torque outputs.

[0094] FIG. 10 shows details of the output torque shaping
tfunction (420) wherein minimum and maximum raw output
torque constraints (‘To Min Raw’, ‘To Max Raw’) are shaped
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and filtered. The output torque shaping function (420)
includes a maximum output torque shaping function 520 and
a mimmum output torque shaping function 521. The maxi-
mum output torque shaping function 520 includes aumtdelay
function 522 (‘Unit Delay’), a summation function 524
(‘Summation’), a filter response time determination function
526 (‘Filter Response Time Determination’), and a filter 528
(‘Filter’).

[0095] The maximum output torque shaping function 520
shapes the raw maximum output torque to determine the
maximum output torque constraint (‘To Max Filt”) utilizing a
substantially similar method to the method utilized by the
maximum input torque shaping function 300 to shape the raw
maximum input torque to determine the maximum input
torque as described above. The filter 528 determines the
maximum input torque based on the raw maximum input
torque (‘To Max Raw’), the filter response time (‘Filter
Response Time’), the sampling time (‘d1”), and the maxi-
mum 1nput torque (‘To Min Raw’). In one embodiment, the
filter 528 inputs the raw maximum input torque, and the filter
528 has the frequency response of a first-order system.
[0096] The minimum output torque shaping function 521
includes a umt delay function 530 (*Unit Delay’), a summa-
tion function 532 (‘Summation’), a filter response time deter-
mination function 534 (‘Filter Response Time Determina-
tion’), and a filter 536 (‘Filter’) utilizing a substantially
similar method to the method utilized by the minimum 1nput
torque shaping function 501 to shape the raw minimum input
torque to determine the minimum nput torque as described
above. The filter 536 determines the minimum input torque
based on the raw mimmum input torque, the filter response
time, the sampling time (*d1’), and the maximum nput
torque as outputted by the minimum input torque shaping
function 521. In one embodiment, the filter 536 inputs the raw
minimum nput torque, and the filter 536 has the frequency
response of a first-order system.

[0097] The filter 528 compares the frequency response of
the filter 528 to the raw maximum output torque and outputs
the greater of the frequency response and the raw maximum
output torque as the maximum output torque. Therefore, the
maximum output torque will not decrease below the raw
minimum 1nput torque. Likewise, the filter 536 compares the
frequency response of the filter 536 to the raw maximum
output torque and outputs the lesser ol the frequency response
of the filter 536 and the raw maximum input torque as the
minimum output torque. Therefore, the minimum input
torque will not exceed the maximum 1nput torque.

[0098] The disclosure has described certain preferred
embodiments and modifications thereto. Further modifica-
tions and alterations may occur to others upon reading and
understanding the specification. Therefore, it 1s intended that
the disclosure not be limited to the particular embodiment(s)
disclosed as the best mode contemplated for carrying out this
disclosure, but that the disclosure will include all embodi-
ments falling within the scope of the appended claims.

1. Method for controlling a powertrain system, the power-
train system including a transmission device, an engine, and
a second torque generating device connected to an energy
storage device, the transmission device operative to transier
power between an output member, the engine, and the second
torque generating device, the method comprising:

monitoring operating conditions of the engine, the trans-
mission device, and the energy storage device;
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determining a first power constraint and a second power
constraint for transierring power within the powertrain
system based on the operating conditions;

filtering the first power constraint utilizing a first filter
response time when the first power constraint changes 1n
a first direction; and

filtering the first power constraint utilizing a second filter
response time when the first power constraint changes in
a second direction.

2. The method of claim 1, wherein the first and second
power constraints comprise torque constraints for constrain-
ing output torque within the powertrain system.

3. The method of claim 1, further comprising;

determining a minimum power constraint and a maximum
power constraint for transferring power within the pow-
ertrain system based on the operating conditions;

filtering the maximum power constraint utilizing a first
filter response time when the maximum power con-
straint 1s decreasing; and

filtering the maximum power constraint utilizing a second
filter response time when the maximum power con-
straint 1S 1ncreasing,

wherein the second filter response time has a greater time
lag than the first filter response time.

4. The method of claim 1, further comprising:

determining a minimum power constraint and a maximum
power constraint for transierring power within the pow-
ertrain system based on the operating conditions;

filtering the minimum power constraint utilizing a first
filter response time when the minimum power constraint
1s 1ncreasing; and

filtering the minimum power constraint utilizing a second

filter response time when the minimum power constraint
1s decreasing,

wherein the second filter response time has a greater time
lag than the first filter response time.

5. The method of claim 4, further comprising;

filtering the maximum power constraint utilizing a third
filter response time when the maximum power con-
straint 1s 1increasing; and

filtering the maximum power constraint utilizing a fourth
filter response time when the maximum power con-
straint 1s decreasing,

wherein the fourth filter response time has a greater time
lag than the third filter response time.

6. The method of claim 5, further comprising setting the
maximum power constraint to the minimum power constraint
when the maximum and minimum power constraints are
decreasing and when the maximum power constraint meets
the minimum power constraint.

7. The method of claim 5, further comprising setting the
mimmum power constraint to the maximum power constraint
when the maximum and mimimum power constraints are
increasing and when the minimum power constraint meets the
maximum power constraint.

8. The method of claim 1, further comprising;

determining first and second input torque constraints for
constraining the input torque from the engine to the
transmission device;

filtering the first mput torque constraint utilizing a first
filter response time when the input torque constraints
change 1n a first direction; and
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filtering the first input torque constraint utilizing a second
filter response time when the input torque constraints
change 1n a second direction.

9. The method of claim 8, further comprising;
determining an operator torque request; and

determining the first and the second input torque con-
straints based on the operating conditions and the opera-
tor torque request.

10. The method of claim 1, further comprising:

determining first and second output torque constraints for
constraining output torque from the transmission device
to the output member;

filtering the first output torque constraint utilizing a first
filter response time when the output torque constraints
change 1n a first direction; and

filtering the second output torque constraint utilizing a
second filter response time when the output torque con-
straints change 1n a second direction.

11. The method of claim 1, further comprising controlling
power transierred within powertrain system between the first
and the second power constraints.

12. The method of claim 1, turther comprising:

monitoring operating conditions of the energy storage
device comprising an output power of the energy storage
device; and

determining a {irst power constraint and a second power
constraint for transierring power within the powertrain
system based on the output power of the energy storage
device.

13. Method for controlling a powertrain system, the pow-
ertrain system including a transmission device, an engine, and
a second torque generating device connected to an energy
storage device, the transmission device operative to transier
power between an output member, the engine, and the second
torque generating device, the method comprising:

monitoring operating conditions of the engine, the trans-
mission device, and the energy storage device;

determining a power constraint for transierring power
within the powertrain system based on the operating
conditions;

filtering the power constraint utilizing a first filter response
time when the power constraint changes 1n a first direc-
tion; and

filtering the power constraint utilizing a second filter
response time when the power constraint changes 1n a
second direction.

14. The method of claim 13, further comprising;:

determiming a first input torque constraint and a second
input torque constraint for constraining nput torque
from the engine to the transmission device based on the
operating conditions;

filtering the first input torque constraint utilizing a first

filter response time when the first input torque constraint
changes 1n a first direction; and

filtering the first input torque constraint utilizing a second
filter response time when the first mput torque con-
straints changes in a second direction.

15. The method of claim 14, further comprising:
determining an operator torque request; and

determining the first and second nput torque constraints
based on the operating conditions and the operator
torque request.
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16. The method of claim 13, further comprising;:

determining first and second output torque constraints for
constraining output torque from the transmission to the
output member based on the operating conditions;

filtering the first output torque constraint utilizing a first
filter response time when the first output torque con-
straint changes 1n a first direction; and

filtering the first output torque constraint utilizing a second
filter response time when the first output torque con-
straints change 1n a second direction.

17. The method of claim 13, further comprising controlling
power within the powertrain system between the first and
second power constraints.

18. The method of claim 13, further comprising;:

monitoring operating conditions of the energy storage

device comprising an output power of the energy storage
device; and

determining the power constraint for transierring power
within the powertrain system based on the output power
of the energy storage device.

19. Method for controlling a powertrain system, the pow-
ertrain system including a transmission device, an engine, and
a second torque generating device connected to an energy
storage device, the transmission device operative to transier
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power between an output member, the engine, and the second
torque generating device, the method comprising:

monitoring operating conditions of the engine, the trans-
mission device, and the energy storage device;

determining a maximum torque constraint and a minimum
torque constraint for transierring torque within the pow-

ertrain system based on the operating conditions;

filtering the maximum torque constraint utilizing a first
filter response time when the maximum torque con-
straint 1s decreasing;

filtering the maximum torque constraint utilizing a second

filter response time when the maximum torque con-
straint 1S 1ncreasing;

filtering the minimum torque constraint utilizing a third

filter response time when the minimum torque constraint
increasing; and

filtering the mimimum torque constraint utilizing a fourth

filter response time when the minimum constraint 1s
decreasing.

20. The method of claim 19, wherein the second filter
response time has a greater time lag than the first filter
response time and the fourth filter response time has a greater
time lag than the third filter response time.

ke i o e 3k
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